The equal distribution of synaptic vesicles among synapses along the axon is critical for robust neurotransmission. Wong et al. show that the continuous circulation of synaptic vesicles throughout the axon driven by molecular motors ultimately yields this even distribution.
Neurons are highly polarized cells with extended axonal and dendritic processes. The directed trafficking of intracellular vesicles and organelles to specific subcellular domains is required to maintain both cell polarity and cell function. For example, synaptic vesicle precursors synthesized in the cell body must be actively transported to distant sites where they support signaling across synapses. In neurons with synaptic release sites arranged in series, called en passant boutons, there is an even distribution of synaptic components across multiple sites. However, it is not clear how the neuron ensures that each synaptic release site receives the necessary components to function effectively. New work from Wong et al. in this issue of Cell (Wong et al., 2012) finds that synaptic precursor vesicles are originally delivered distally but then actively circulate, ensuring an even distribution at all synaptic sites. Wong et al. (2012) examined the transport of neuropeptide-containing dense core vesicles (DCVs) in the en passant synaptic boutons of Drosophila motoneurons. Dense core vesicles originate in the cell body (or soma) and are transported outward along the microtubules of the axon by the anterograde motor kinesin-3 (Barkus et al., 2008) . Imaging the delivery of these vesicles to distal synaptic sites yielded surprising results. Dense core vesicles entering the axon bypass proximal boutons and preferentially accumulate in the distal-most bouton.
In order to better understand the dynamics of DCV transport and synaptic delivery, Wong et al. (2012) designed a modified photobleaching assay to track the motility of individual dense core vesicles. They found that individual DCVs entering the axon exhibit anterogradebiased bidirectional motility. As these DCVs approach an individual bouton, the chance of retention is low (10%) so that most DCVs instead proceed steadily toward the axon terminal.
Interestingly, the authors found that, once DCVs are delivered to the most distal bouton, they switch to retrograde motility guided by dynein. This abrupt change in direction could be caused by several mechanisms. Dynein may be preferentially loaded onto the DCV in the distal axon, similar to the recruitment of dynein to endosomes near the hyphal tip in filamentous fungi (Lenz et al., 2006) , which also leads to a directional switch. Another possibility is that dynein already bound to the DCV may be specifically activated in the distal bouton. Analysis of other vesicular cargos undergoing axonal transport, including late endosomes/ lysosomes (Hendricks et al., 2010) and autophagosomes (Maday et al., 2012) , shows that both anterograde and retrograde motors can remain tightly associated with cargos, even during long runs driven by the opposing motor. Further molecular assessment of the motors bound to DCVs as well as exploration of the regulatory mechanisms at work in the distal axon are required to differentiate among these possibilities.
DCVs leaving the distal bouton undergo retrograde-biased bidirectional motility similar in character to the anterogradebiased motility exhibited by the newly entering DCVs. During this return trip toward the soma, only 10% of DCVs are captured as they pass a bouton, similar to the rate of capture from the vesicle stream moving in the anterograde direction. Strikingly, however, the authors observe that uncaptured DCVs rarely reenter the soma. Rather, retrogradebiased DCVs stop short in the proximal axon, where there is a switch back to anterograde-biased motility.
Taken together, the results presented by Wong et al. (2012) support a ''conveyor belt'' model for the transport and distribution of DCVs in the axon (Figure 1) . The model consists of two parts. First, only a small number of DCVs distribute into proximal boutons while the majority pass by, continuing on to accumulate in the distal-most bouton. This feature relies on the low rate of capture by the proximal boutons. Then, in a second step, uncaptured DCVs are recirculated back along the axon. Though kinesin-3 drives the outward movement of these vesicles, dynein and its activator dynactin are necessary to recirculate the distally accumulated DCVs. This conveyor belt model provides a basis for understanding how molecular motors function synergistically to evenly distribute synaptic vesicles at release sites along the axon.
In this work, the authors find that dominant-negative disruption of dynactin function, through transgenic expression of either a truncated form of the p150 Glued subunit of dynactin (Glued in Drosophila [Holzbaur et al., 1991] ) or overexpression of the dynamitin subunit of dynactin, leads to the distal accumulation of neuropeptide. These results suggest that retrograde transport is required to dissipate the buildup of neuropeptide in the most distal bouton. However, previous work has shown that disruption of dynein-dynactin function leads to a bidirectional block in fast axonal transport (Martin et al., 1999) , including the transport of dense core vesicles (Kwinter et al., 2009) , making the effects of dynactin disruption difficult to interpret. Further complicating the interpretation are the observations that disruption of dynactin function affects neuronal morphology (Garen and Kankel, 1983 ) and synaptic stability (Eaton et al., 2002) . It is possible that accumulations of DCVs in the distal bouton caused by dominant-negative disruption of dynactin function may contribute to synaptic instability by unequal distribution of DCVs. Alternatively, the altered accumulation of neuropeptides observed in this study may be a secondary defect due to changes in neuronal morphology. A more precise analysis will be required to establish the mechanisms underlying the current observations.
Three clear questions arise from the current study. First, how does the switch from anterograde-biased to retrogradebiased motility (and vice versa) occur? This study clearly suggests that the proximal axon and distal bouton are spatially defined regions in the neuron that regulate the activity and/or recruitment of microtubule motors. Consistent with this idea, directional switches were observed in spatially localized domains in both the proximal axon (retrograde to anterograde) and distal axon (anterograde to retrograde). Second, by what mechanism are DCVs captured in synaptic boutons? The DCVs may be actively sequestered from the axon or delivered into the bouton on microtubules entering the presynaptic region. Understanding the molecular players involved in these motility switches and vesicle captures will yield interesting insight into the coordination of microtubules motors in axonal transport.
Third and perhaps most surprising, these new data suggest that the proximal axon may serve as a selective barrier for retrograde transport coming from the distal axon. Imaging of lateral td neurons showed that retrograde DCVs did not effectively traverse the proximal axon to enter the soma. Instead, there was another directional switch for these cargos, leading to biased anterograde transport. This switch allows the recirculation of DCVs back toward the distal synapses and avoids the wasteful degradation of newly synthesized neuropeptide cargos that were not captured during their initial traverse through the en passant boutons.
More importantly, it suggests that the proximal axon or possibly the axon initial segment may serve as a filter for cargos moving in both directions. Previous work has shown a role for this cellular domain in the regulation of anterograde traffic moving from cell soma into the axon (Song et al., 2009 ). The observations here suggest that a similar mechanism operates to regulate retrograde traffic in the axon.
The work by Wong et al. (2012) nicely describes the ''life'' of a DCV as it travels through the axon in Drosophila motor neurons. The resulting model, in which sporadic and inefficient capture of dense core vesicles from a circulating stream driven by both anterograde and retrograde motors provides a plausible explanation for the uniform distribution of neuropeptidecontaining vesicles observed at en passant boutons. This model, which postulates both regulated steps, such as localized sites of directional switching, and stochastic events, such as vesicle capture at release sites, is appealing. As mutations in several of the proteins involved, including kinesin-3 and dynactin, have been shown to cause human neurodegenerative disease , it will be essential to follow up these intriguing observations in mammalian neurons. The probability of capture of a dense core vesicle in any particular synapse is low. However, the microtubule motors, kinesin and dynein/dynactin, drive the continuous circulation of dense core vesicles in the axon, ultimately yielding an equal distribution of vesicles among synapses. This model is analogous to people at a conveyor belt sushi restaurant, where each plate of sushi is a dense core vesicle and the patrons are synapses. As the sushi travels around the conveyor belt, patrons take what they want while allowing many of the plates to pass. Ultimately, all of the patrons are equally satiated. Unlike a conventional conveyor belt, vesicle circulation relies on a switch in the driving motor at opposite ends of the circuit.
